1. Introduction {#s0005}
===============

Tuberculosis (TB) is the leading cause of death from a single infectious agent. In 2018, an estimated 1.5 million people died from TB, of which 251,000 were people living with human immunodeficiency virus (HIV) [@b0005]. Cryptococcal meningitis is the leading cause of meningitis among people living with HIV (PLWHIV) accounting for 15--20% of AIDS related mortality [@b0010]. Cryptococcus and TB co-infection amongst PLWHIV is common and is associated with an increased risk of mortality [@b0015]. For instance, in Uganda, TB was treated or confirmed in around one fifth (21% and 22% respectively) of patients with HIV-associated cryptococcal meningitis [@b0015], [@b0020].

In order to meet the 2025 End TB strategy goal of reducing the incidence of TB by 50% compared to 2015, one of the strategies recommended by the World Health Organization (WHO) is the use of Tuberculosis Preventive Therapy (TPT) among people living with HIV in whom active TB has been excluded regardless of their TB history, level of immune suppression or ART status [@b0025]. TPT is effective and safe for treatment of latent TB infection (LTBI) among PLHIV and thus prevents progression to active TB infection in this population [@b0030], [@b0035], [@b0040], [@b0045]. The WHO currently recommends: 6 or 9 months of daily isoniazid monotherapy (6H or 9H), 3-months regimen of weekly rifapentine plus isoniazid (3HP), 3 months regimen of isoniazid plus rifampicin (3HR), 1-month of daily rifapentine plus isoniazid (1HP) or 4 months of daily rifampicin alone (4R) as TPT regimens [@b0050].

Despite this, implementation of TPT has been suboptimal globally including amongst cryptococcal meningitis cohorts. In 2018, 862,000 PLWHIV fell ill with TB moreover its estimated that only 49% of people newly enrolled in HIV care received TPT [@b0025], [@b0055]. In the same year, of the 30 high TB/HIV burden countries, 15 did not report any provision of TPT; and in the 15 countries that provided data, coverage among people newly enrolled in HIV care varied considerably from 10% in Indonesia to 97% in Russia Federation. Barriers to implementation of TPT include concerns about adherence, loss to follow up, drug toxicity and emergence of drug resistance [@b0055]. In this article we discuss the clinical challenge of rolling out TPT among individuals with advanced HIV-associated cryptococcal meningitis.

2. Discussion {#s0010}
=============

2.1. Rationale for utilization of TPT among HIV associated cryptococcal meningitis {#s0015}
----------------------------------------------------------------------------------

Patients with HIV associated cryptococcal meningitis are severely immune suppressed with majority having a CD4 cell count \< 50 cells/mm3 [@b0010], [@b0060]. Consequently, they are at a high risk of TB-related morbidity and mortality [@b0065]. TPT in persons with HIV and a CD4 count \< 500 cells/mm^3^ confers an independent but additive effect to ART in preventing progression to AIDS and active TB incidence [@b0040].

2.2. Clinical decision challenges facing utilization of TPT among HIV associated cryptococcal meningitis {#s0020}
--------------------------------------------------------------------------------------------------------

### 2.2.1. Active TB diagnostic dilemma in HIV associated cryptococcal meningitis {#s0025}

WHO recommends the use of clinical symptoms or radiology to rule out active TB prior to initiation of TPT in resource limited settings [@b0050]. Briefly, symptom screen includes asking patients about the presence of cough, fever, weight loss, and night sweats. However, there is an overlap between symptoms suggestive of TB and those related to cryptococcal meningitis; In a cohort of 230 Zambian adults with HIV-associated cryptococcal meningitis 210 (91%) had fever, 208 (90%) reported weight loss and 206 (90%) were wasted [@b0070]. Cough is also a reported symptom in pulmonary cryptococcal infection [@b0075]. Similarly, radiological finding like abdominal lymphadenopathy, pulmonary cavitation, pleural effusion in active TB infection are nonspecific and have been reported in disseminated cryptococcal infection [@b0080]. This implies that highly sensitive and specific diagnostic tests are required to rule out active TB in this high-risk population.

Moreover, a definitive microbiological TB diagnosis in patients with advanced HIV-associated cryptococcal meningitis patients is challenging. The most common form of TB in advanced HIV is extra-pulmonary TB; including abdominal, pleural, genitourinary and central nervous system [@b0080], [@b0085]. With the exception of Tuberculous meningitis, other forms of extra pulmonary TB often require a tissue diagnosis, which may be challenging to obtain in resource poor settings. In addition, sensitivity of Xpert MTB/RIF Ultra (Xpert Ultra) is low for extra pulmonary specimens: pooled Xpert Ultra sensitivity of cerebrospinal fluid, pleural fluid, and urine is 71.1%, 50.9%, 50--82.7% respectively [@b0090], [@b0095]. Although urine TB-lipoarabinomannan (LAM) is more sensitive in advanced HIV, it has a highly variable sensitivity of 13--93% depending on CD4 count [@b0100]. In fact, significant diagnostic disparities between Xpert MTB/RIF Ultra and the Alere TB-lipoarabinomannan (LAM) assay have been reported among patients with advanced HIV suspected of meningitis and TB [@b0020]. Given the above, reliance on non-specific symptoms and TB diagnostics with low sensitivity leads to missed TB diagnoses, therefore more accurate or combination of diagnostics tests to reasonably rule out active TB in this population prior to TPT initiation is warranted. As a result, we recommend delayed initiation of TPT in these patients is until TB co-infection is ruled out. Further research into the optimal screening strategy for active TB amongst patients with HIV-associated Cryptococcosis is warranted.

### 2.2.2. TPT and HIV associated cryptococcal meningitis drug interaction and toxicities {#s0030}

To date there are no studies to evaluate the safety of TPT use during the induction and maintenance phases of cryptococcal meningitis treatment with or without ART in HIV infected patients. Isoniazid and fluconazole are metabolized by the liver and they are associated with mild to severe hepatotoxicity [@b0105], [@b0110]. When used alone rifamycins (rifampicin and rifapentine) are safe however in combination with other anti-tuberculous drugs they are associated with an increased risk of hepatotoxicity [@b0115]. Therefore, the co-administration of isoniazid, rifamycins and high dose fluconazole during the induction and consolidation phases of cryptococcal meningitis treatment may increase the risk of drug induced hepatotoxicity in these patients.

Hepatotoxicity has also been reported among patients taking anti-retroviral therapy (ART) and TPT [@b0120], which may be exacerbated by high dose fluconazole. No safety concerns were observed with nevirapine and efavirenz based ART regimens with isoniazid monotherapy TPT [@b0125]. However, dolutegravir based regimens which are now the recommended first line ART, were found to cause cytokine mediated drug reactions when issued to healthy participants in combination with weekly isoniazid and rifapentine [@b0130]. A follow up study among HIV patients shows contradicting results with no grade 3 and above adverse effect reported yet [@b0135]. Nonetheless this study population had a median CD4 638cells/mm3 and had attained viral suppression prior to dolutegravir, isoniazid and rifapentine initiation which may not be the case in routine care for HIV-associated cryptococcal meningitis. Therefore, as noted above these drug interactions and toxicities warrant continuous patient monitoring and clinical trials to establish safety of TPT among HIV associated cryptococcal meningitis patients in high TB incidence places.

### 2.2.3. Pill burden {#s0035}

A combination therapy of anti-fungal; amphotericin B, flucytosine and fluconazole is associated with a higher early fungicidal activity and thus recommended for cryptococcal meningitis induction phase treatment [@b0140]. There is the critical issue of high pill burden when patients receiving induction phase treatment are also given oral supplementary magnesium and potassium, paracetamol, and in some cases, anti-seizure medication. In addition, patients also receive co-trimoxazole prophylactic treatment. We hypothesize that the adherence to medication in these patients will be poor incase IPT is started during induction therapy due to a high pill burden.

### 2.2.4. Isoniazid resistance {#s0040}

Isoniazid is a key component of all except one (4 months Rifampicin only) TPT regimens recommended by WHO [@b0050]. Unlike rifamycins, isoniazid has been reported to increase the risk of INH-resistance TB following isoniazid preventive therapy [@b0145]. For this reason, there is a need for continuous monitoring for INH resistance in the population and utilization of short course combination TPT regimens.

3. Conclusion {#s0045}
=============

In conclusion, patients with HIV-associated cryptococcal meningitis are at a higher risk of developing active TB disease, as they usually severely immunosuppressed and as such they are more likely to benefit from TB preventive therapy. However, excluding active TB in a population with advanced HIV disease and disseminated Cryptococcosis is challenging. As a result, there is concern for inadvertent isoniazid monotherapy as TPT, which potentially predisposes patients to developing isoniazid resistant TB when isoniazid monotherapy is used for TPT. Further, concomitant induction treatment for cryptococcal meningitis and TPT initiation may be complicated by dug-drug interactions and pill burden that could hamper adherence. Coupled with lack of data demonstrating mortality benefit of TPT in a population that is already at 59--81% risk of death from cryptococcal meningitis [@b0010], the challenges articulated above warrant an individualized approach to TPT in cryptococcal meningitis patients. We recommend that clinicians assess for TPT eligibility utilizing individualized approach and a combination of diagnostics tests (both laboratory and radiology). We also recommend utilization of short course combination TPT regimens and continuous monitoring for drug resistance, interactions and adverse effects during TPT. There is also need to perform randomized controlled trials evaluating the effectiveness and safety of TPT regimens among patients with advanced HIV disease and cryptococcal meningitis.
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